Abstract-This paper discusses remote health monitoring as a potential application field in telecentres at rural areas. We present the challenges faced and opportunities with emphasis on patients with hypertension using a remote health monitoring system. We will also discuss the potential of deploying mHealth applications as a value added to the telecentres. The remote blood pressure health monitoring system will read, store and send data over wireless network to a remote server. Medical doctors can view the data on a regular basis remotely from a website. This community-based participatory research study carried out BP monitoring on residents from a rural village in Sarawak, Borneo and did follow-up assessments on the available health care for them. Structured quantitative and qualitative research tools were carried out on a wide range of clients -the patients, telecentre managers and medical doctors. Structured and semi-structured data collection techniques, such as questionnaires, group discussions and interviews were gathered. Observation of the whole process of interaction between the patients with the managers was also captured. The aim of the project is to determine the degree to which remote health monitoring interventions can be integrated to telecentres in rural areas to increase awareness in healthy living and wellness.
I. INTRODUCTION
Primary hypertension is the one of most critical chronic illnesses affecting Malaysians over the past decades. It is known as a 'silent killer' as most hypertensive patients are asymptomatic and unaware of their clinical conditions with risk factor associated with cardiovascular, cerebrovascular and renal diseases [1, 2] . It is also well known that earlier intervention for hypertension to achieve a more normal blood pressure carries a favourable outcome, but motivation and compliance are always a challenge [3, 4] . Limited systematic reviews have shown that structured telemonitoring may have positive impacts on the management of chronic illness, such as chronic heart failure and asthma [5, 6] .
Blood pressure (BP) monitoring is vital for blood pressure management. Traditionally, BP of a patient is taken by a physician or a nurse in an office based medical care setting, such as in a clinic or a hospital. In this study, we proposed non-medical personnel to take BP measurement of patients at their homes or at a designated telecentre in the village. The advantage of home BP measurement could remove 'white coat hypertension effect' -a phenomenon known as falsely high BP readings related to patients' reaction to clinical procedures in a typical clinical setting [4] .
There is a high aging population living in a remote and rural village in Sarawak, Borneo, who are unable to visit hospitals in the city or clinics for regular check-ups. Given the high prevalence of hypertension in Malaysia, the need for a remote health monitoring system will be examined based on the initial consideration of the limited health care delivery to these remote and rural areas surrounded by dense jungle on mountainous terraces and limited public transportation available. We have conducted a participatory study at Serasot Village located in Bau district, which is about 50 kilometres away from the nearest city centre. There exist a telecentre in the village that is erected by the Malaysian Communication and Multimedia Commission (MCMC) to house computer equipment with an initial aim to provide some form of ICT services for social and economic development. The telecentres are as diverse as the communities they serve.
The aim of our work is to collaborate with MCMC and the nearby clinic to deploy a remote health monitoring system for the residents. With the increasing demand for cost-effective health care solutions, the use of ICT to enable long-distance health care may be the only economically viable way to make health care resources available and putting it in a telecentre is practical also for providers to deliver throughout the community. Our participatory study will capture behaviours, interactions and communications between patients and clinicians to be analysed for long-term collaboration health management.
II. REMOTE HEALTH MONITORING
The technological advances in mobile Health (mHealth) applications have been brought about by the availability of valid and easy-to-use automated ambulatory monitoring devices, such as blood pressure monitor, oximeter, glucometer, and weighting scale. The mHealth system we deployed to the community allows the measurements to be automatically transmitted via wireless 3G network or WIFI to a remote server whereby medical doctors can view the data on a regular basis remotely from a website through the mHealth application.
We used a commercialised Ericsson Mobile Health (EMH) [7] weight, oxygen saturation, ECG, spirometry, and a Communication Device), and Back-end System and Applications. We will only use the BP monitor (as in Figure  1 ) in this pilot study. The EMH system will automatically send the BP data via Bluetooth to the Communication device and through wireless 3G network from the Communication device to a remote server. The benefit of the EMH system is that patients do not need to come in to the clinic and they can still get the same type of diagnostic information while they are at the telecentre or even at home. Hence, the concept of remote BP monitoring is feasible in the management of hypertension for tele-homecare [7] . For clinicians, the only issue with such system is the appropriate remote follow-up. To the best of our knowledge, such remote health monitoring system has been tested and used in urban areas. However, in many rural communities and remote places, consistent healthcare may be unavailable. Therefore, having such remote health monitoring systems would be useful for the patients. Such system may also facilitate health education and awareness among the communities.
III. NEEDS
The nearest hospital from the pilot village is approximately about 25km away. There is a community clinic in the village that serve 10 villages or more located sparsely within a radius of 10-15km. It is manned by an assistant medical officer and three community nurses. A needs assessment study was conducted in Serasot Village. We identified 90 heads of household to participate in fillingin the baseline questionnaires. The questions included the general demographics of the community, such as their education level, annual income, occupation, health cases, information transfer and the use of the Internet. Interviews and focus groups were carried out. The detailed findings can be found in [8] .
According to a community member, many of these aging residents do not have any means of transportation. They would walk to the nearest health clinic and/or hospital. This sort of journey is rather undesirable especially for the elderly. In addition, the cost incurred for travelling from their homes to the nearest health care clinics and/or hospital would be very high, given that their average income earned is less than USD$330 per year while the gathered monthly expenditures were more than USD$20 per month. Therefore, most patients visit health clinics and hospitals only when they are very sick, do a follow-up check and/or to collect their medications. According to medical personnel from the community clinic, the most prevalent illnesses reported to the clinic are diabetes, hypertension, and asthma. From their collected statistical data, there is a high distribution of hypertensive patients from the Serasot village alone. Following, we conducted a community health screening for the residents. A total of 80 individuals turned up for the health screening, we identified 58.8% are overweight or obese, and 69.5% are diagnosed with hypertension. From the health screening, which is prior to the pilot participatory study, we found out that 8 out of the 57 hypertensive patients were under treatment and on medication, while the remaining are expected to have their BP monitored every 3 -4 months. Table 1 shows the numbers of volunteers with hypertension at the health screening by risk levels. With the rising number of patients with hypertension, regular BP monitoring is increasingly important to ensure blood pressure is controlled at the lowest possible cardiovascular risk.
IV. METHODS
The participatory study data collection plan was that all data on the test group will be collected by the researchers. The design of the data collection procedures was organised based on the multi-method and multi-disciplinary based surveys, which includes both quantitative and exploratory qualitative methods (as shown in Figure 2 ). We employed collaborative and participatory approaches with the stakeholders. Three main stakeholders were identified for the study and they are the patients with hypertension, medical doctors and the managers working at the telecentre. The potential patients were selected from the conducted community health screening on the basis of elevated blood pressure readings and consented for the study. Eleven volunteered to participate and their ages ranging from 40 to 70 year old. The mean age is 60 year old. All the patients have BP readings that fulfilled the clinical criteria of hypertension [9] . Table 2 provides the summary of statistics on the ages and genders of the patients. The research instruments used in the collaborative and participatory approaches are:
• Face-to-face and paper-and-pencil questionnaire administrations,
• Participant observation during the weekly health monitoring trials at the telecentre,
• Fieldwork, interviews and focus group discussions with all the stakeholders. Ethical protocols to conduct this pilot participatory study was sought and received from UNIMAS Ethical Committee. The Informed Consent Form complied with the standards set by the WHO for medical research on human subjects. We have also sought and received consent from the Director of State Health, Sarawak State Health Department to obtain supports from his staff from local clinics and recruiting patients as participants for the project. Participants were firstly informed of the pilot participatory study and those who volunteered to take part in the study are to fill-in the consent forms. The managers at the telecentre were also informed of the study. Their task is to administer the BP monitoring process.
Three medical doctors participated in the study. One of the medical officer, who is also an advisor for WHO [10] and the Sarawak public health officer, produced the protocols to the managers and the clinics. Protocols (or procedures) were designed and produced for taking blood pressure (BP) and handling emergency cases such that if participants may collapse and/or panic when he/she reads his/her anomalous BP reading. These sorts of protocol are made for the managers who are not medical practitioners. To mitigate these protocols, a crash course on pre-and post-test counselling to the managers was given. Another set of protocols were also designed for this pilot participatory study for the medical practitioners at the clinics. Furthermore, trainings on how to handle and to use the BP monitors properly was given. The captured BP readings were viewed remotely through the EHM website.
This participatory study does not in any way affect the outcome of the treatment that the participants receive for whatever conditions they are suffering from. In fact, the continuous monitoring of BP and body weight of the participants will help their doctors in reviewing their treatment. The study was conducted for seven weeks. Weekly blood pressure monitoring sessions with pre-and post-consultations and participation in filling-in questionnaire, interviews and discussion in focus groups were performed. All the sessions had to be conducted in their language as the patients do not read nor write in English. The identity of each patient was kept confidential throughout the research.
V. RESULTS AND DISCUSSIONS
Participatory and usability evaluations were done with aims to identify and to validate the requirement benchmark of any remote health monitoring system for rural health care. The findings were gathered from the weekly health screening and monitoring observation processes by capturing individual behaviours, facial expressions and conversations that took place between the managers with the patients and among the managers themselves.
Similar observation approach was also taken with the medical doctors with the patients and the managers.
A. Results of the Usability Test
The average time taken from the start to the end of the BP reading for each patient was about 7.5 minutes, and it varied depending on the individual patient conversation time with the manager. Table 3 illustrates the average scores based on the Five Dimensions of Usability, whereby a 5-point Likert scale was used, ranging from 1 (Negative) to 5 (Positive). During the participatory study, the EMH website was improved to suit the needs of the doctors, in terms of the browser compatibility, system operability and its functionality. The doctors viewed the EMH's overall impression and the layout of the website as pleasant and simple. The improved interoperability and better speed performance were also the add-on to the EMH system. The average time taken for a doctor to open and to view a patient's record was less than 2 minutes.
Based on the results of the Dimensions of Usability, deploying a remote health monitoring system for rural health care is indeed a plausible concept and is well accepted by all the stakeholders, especially from the medical doctors and the patients, however there are still limitations to the commercialised remote health monitoring system. The summary of the usability results is as shown in Figure 3 . There are seven components in the Dimension of Usability guidelines: System operability, satisfaction, easy to learn, error-tolerant, engaging, efficiency and effectiveness.
B. Results from a Feasibility Study
Structured data collection techniques, such as questionnaire surveys were collected from all stakeholders to investigate the overall satisfaction when using the EMH system and satisfaction with continuity of remote health care. Patient satisfaction and personal continuity with the remote health monitoring and care was high and they were satisfied with the provided health care system and the quality of the state-of-art facility during the weekly BP monitoring. They were also comfortable to have the managers taking their BP readings on a weekly basis, while not having a medical doctor at the telecentre. Throughout the pilot study, we recommended the patients to also learn to take their own BP. Each of the patients was taught on how to use the BP monitor properly and understand the blood pressure reading that appears as two numbers. They were able to use the BP monitor correctly as well as to assist other volunteers and their own family members to take their own blood pressure (see Figure 4) . The continuity of using the remote BP monitoring system among the patients and the community was taken positively even after the project has been completed whereby a number of patients came back to the telecentre to get their BP checked. Family members, who came along with the patients, also used the BP monitors. When asked if the process of taking BP was tough, everyone said it was easy and straightforward. It is always the interest of the medical doctors to educate and empower patients about maintaining a healthy lifestyle. From the needs analysis, we found that 23% of the 90 participants had no formal education background and qualification, 75% completed their primary and secondary schools and only 1% had a diploma certification. None went to the university. Hence, information exchange normally involved family, relatives and friends. The most preferred type of information that the community were interested in was on health (84%), followed by information on agriculture, education and religion. The detailed graphical results can be found in [8] . During the pilot study, we observed that these patients were becoming more 'health aware' and live a healthier lifestyle. During the weekly pilot monitoring, unstructured interview questions regarding their BP reading and healthy lifestyle talks emerged among the patients and with the managers in order to have a better understanding of healthy lifestyle and knowledge on how to prevent hypertension. Merely just after 6 weeks of executing the pilot study, when asked what a normal BP is, 64% of the patients were aware of the BP cut-off values that define hypertension. Unlike in the first week of the pilot study, only one patient could express the systolic and diastolic numbers that define normal BP. Figure 5 depicts the patients' responses to each question on the knowledge on blood pressure. These were asked after the execution of the pilot study. 
C. Challenges of Remote Health Monitoring for Rural
Health In this sub-section, we will present the issues and challenges we faced while implementing the EHM system at a telecentre. Prior to the participatory study, ethical approval and remote health operator protocols in case of emergencies were set up. This process may take up to 3 to 6 months, depending on the availability of the ethical committee. Sometime during the pilot study, the average time taken from the start to the end of the BP reading for each patient increased to about 10 minutes, without any consultation time taken into account. This is due to the over low bandwidth connectivity at the rural telecentre. Furthermore, the existing EMH system only works on 3G and not on WIFI wireless technology. The broadband 3G connectivity at the telecentre has not been very good. The long waiting time for the patient's record to be downloaded and/or uploaded is the root predicament which causes frustration among users while using the system. Due to the low bandwidth, BP readings may not be uploaded to a central server and doctors cannot view the patients' health record.
Since the telecentre managers are non-medical healthcare practitioners, trainings were required to educate them on what hypertension is, how to operate a BP monitor correctly, how to measure and read BP numbers and basic knowledge on healthy living for hypertensive patients. The managers were also briefed on the remote health operator protocol that was set up especially for emergency cases. These training were conducted by the doctors. Training by the EHM developers on how to use and operate the remote health monitoring system was also given. It was observed that during the weekly pilot health BP monitoring, the managers were frequently experiencing technical problems with the EHM system. This could be due to their impatience in operating the system given that the response time for the system to operate was very slow, which took more than 20 minutes. We also noticed that the managers were always multitasking with work at the telecentre and at the same time taking BP reading a patient. Hence, the lack of concentration while operating the BP measurements.
Usually a commercialised developers' home monitoring platform such as the EHM is initially built to facilitate an elderly care and/or a patient. Hence, the doctors suggested a number of improvements to the content of the EHM to suit the needs of rural health care in a community, such as to create a single summary page for all patients, to print patients' details, to display graphs in detail, to display the most recent health readings, and etc.
D. Opportunities
The feasibility and the acceptance of the remote BP health monitoring system intervention were aimed to Prolonged stress can cause high pressure.
Diabetes is a result of uncontrolled high blood pressure.
When you have high blood pressure, your heart is working harder than it should be.
You should only worry about high blood pressure only if you have the symptoms.
Taking blood pressure reading is difficult and painful
Blood pressure of less than 130/80 is normal.
Children can also suffer from high blood pressure. promote healthy living and preventative care in a rural community. The success of the participatory study has a positive impact to the primary health care services at the telecentre and the community. It is believed that increased BP monitoring and management will lead to better patient health along with the reduction of complications and associated risk. Such results would hold promises for reducing costs in long term and better patient adherence to treatment. Home or telecentre-based BP measurement is an added value to health care for providing health services and clinically relevant information to the community and therefore can be a more consistent source of information to help manage hypertensive patients.
A good chance of success with a reliable remote health monitoring system would require a formation of country's policy of tele-medicine under the Federal Ministry of Health as well as a continuous designing, monitoring and evaluation at every stage of implementation of such remote health monitoring systems. In addition, the important issues in the design of a health monitoring system are that it is operational in all situations, in both rural and urban areas, and it is reliable technically and accurate in content. Thus, it is feasible to conduct this same and/or similar remote health monitoring concept in other rural areas. The doctors would definitely recommend the concept of remote BP monitoring to be employed in the rural villages.
The EHM system can be put in place to promote the establishment and sustainability of the telecentres at rural villages. The provision of the remote health monitoring system assuredly met the community's need to extend health care services. The potential advantages and benefits to the community are evident for its low cost-effectiveness.
E. mHealth Guidelines for Rural Health Care
With the assistance of the EMH instruments, there is still room for improvement to the general remote health monitoring system to minimise errors and to provide a better quality health care in rural areas and villages. The benchmark requirements for remote health care and services should consider the follows criteria whereby the system has to be simple and easy to use interface for all users; improved flexibility to handle multiple patient health information; detailed and accurate BP reading and information, for example, when reading a patient's BP, the numerical values should be in the patient's record; allow quick recovery from errors in fault-tolerant system e.g. to include error messages to avoid users to manually rebooting the system; robust and high resistant to system damage; telecommunication providers should to play an active role in remote health monitoring to provide sufficient bandwidth connectivity. The root predicament from the pilot study was the very low bandwidth connection provided by telecommunication providers at the telecentre and the village I. CONCLUSION This paper reviews the needs, usability, feasibility, challenges and opportunities of the EHM system being deployment at a telecentre in a rural village. From the findings and analysis, we found that remote health monitoring system can provide livelihood opportunities, health care services and healthy living awareness to the community in rural and remote communities. These practices have demonstrated the ability to deliver the benefits of remote BP monitoring with cost-effective and highly adoptable mobile health solution to the suburban and/or to rural communities. On top of that, the system can be an added value health service to the telecentre in terms of telehealth, which could provide an equal access of health monitoring to the rural communities. Evidence on using the health monitoring technology by patients in a non-office based situation can support the view that BP can be managed in the community with patients taking an active role in their own health management.
Finally, we conclude that a remote health monitoring system is able to improve rural community's health care and wellness using wireless technology. It had successfully provided a solid user-centric remote patient monitoring solution and platform that enable innovation in telehealth to help deliver the benefits more broadly to have meaningful impact in the healthcare system and improve the health and quality of life for people in the under-served regions. Nevertheless, it is essential that barriers to universal broadband access have to be overcome.
